Introduction: Historically, racial and ethnic minority populations have been underrepresented in clinical research, and the recruitment and retention of women and ethnic minorities in clinical trials has been a significant challenge for investigators. The National Drug Abuse Treatment Clinical Trials Network (CTN) conducts clinical trials in real-life settings and regularly monitors a number of variables critical to clinical trial implementation, including the retention and demographics of participants. Purpose: The examination of gender, race/ethnicity, and age group differences with respect to retention characteristics in CTN trials. Methods: Reports for 24 completed trials that recruited over 11,000 participants were reviewed, and associations of gender, race/ethnicity, and age group characteristics were examined along with the rate of treatment exposure, the proportion of follow-up assessments obtained, and the availability of primary outcome measure(s). Results: Analysis of the CTN data did not indicate statistical differences in retention across gender or race/ethnicity groups; however, retention rates increased for older participants. Conclusion: These results are based on a large sample of patients with substance use disorders recruited from a treatment-seeking population. The findings demonstrate that younger participants are less likely than older adults to be retained in clinical trials. Keywords: addiction treatment, age, ethnic minorities, gender difference, substance use disorders, race, recruitment, retention, clinical trials
Introduction
Historically, women as well as racial and ethnic minority populations have been underrepresented in clinical research, despite national recommendations 1 and the National Institutes of Health (NIH) policies. [2] [3] [4] [5] Much has been written about difficulties recruiting women and minorities into clinical trials. However, the recruitment and retention of such participants is fundamental for the validity and potential generalizability of study results, which in turn depend upon the provision of appropriate treatment doses and the collection of required outcome measures over the course of the study. 6, 7 Adequate participation of women, racial/ethnic minorities, and the full range of age groups in all aspects of clinical research is also critical for appropriate subgroup analyses. This is especially important because data suggest a greater vulnerability of women and minorities to the adverse medical and social consequences of substance use disorders, such as higher rates of human immunodeficiency virus infection associated with drug use and higher rates of involvement in the criminal justice system. 4, [8] [9] [10] [11] Such vulnerability underscores the need to successfully retain all participants in substance use research and maintain sample sizes sufficient to draw reasonable conclusions and increase the applicability of results for real-life treatment programs. 4, 12 Although minority groups are generally thought to have lower retention rates in research studies in comparison with non-Hispanic white groups, results have been mixed in previous studies examining retention rates in substance use disorder research. Two recent publications addressing substance use disorder research 11, 13 reported lower retention rates for African Americans compared with whites. Magruder et al 13 found that younger adult African Americans had the lowest retention rates. However, Bisaga et al 14, 15 did not find demographic differences in retention in the two cocaine studies they reported. Similar observations have been made regarding differential retention rates by gender. 4, 5 The National Drug Abuse Treatment Clinical Trials Network (CTN) was established by the National Institute on Drug Abuse (NIDA) and recently celebrated 10 years of conducting multisite clinical trials comparing the effectiveness of interventions for substance use disorders. 16 , 17 The CTN has been instrumental in facilitating, developing, and implementing evidence-based treatments in community treatment programs around the USA. 18, 19 The CTN recruits participants from among individuals seeking treatment for substance use disorders at community-based treatment programs. It has enrolled a diverse population of individuals that includes racial/ethnic minorities, adolescents, pregnant women, and persons with co-occurring disorders. 17 A large sample (11,449 randomized participants) from 24 completed clinical trials in the CTN were examined to detect any differences in three retention indicators (availability of primary outcome measure [s] , treatment exposure, and attendance at follow-up visits) based on demographic characteristics (age, gender, and racial or ethnic background). This paper reports overall retention rates in these studies across those demographic characteristics, and compares them with analogous rates in the published literature. The current paper extends the literature by looking across trials with a diverse set of data and by using three different (though related) measures that reflect retention in clinical trials, whereas prior studies have typically relied on only one study and one indicator of retention.
Methods

Data source
Data from the first 24 CTN completed multisite clinical trials (listed in Table 1 ) were analyzed. The data examined were completely de-identified to prevent linkages to individual research participants. This included removal of all personal health information and indirect identifiers that are not listed as personal health information but could lead to "deductive disclosure," such as comment fields and site numbers. The numbering sequence is incomplete, not because some clinical trials were excluded, but because some of the studies were surveys or other types of CTN research projects. The 24 trials comprised six medication trials (with or without combined psychosocial treatment) using buprenorphine/ naloxone, two medication trials combining methylphenidate with psychosocial treatment, one medication trial combining nicotine patch and psychosocial treatment, and 15 psychosocial trials. Results from these studies are published elsewhere. 17 A total of 11,449 individuals were recruited into the studies, across 120 Community Treatment Programs (CTPs). All studies were approved by local institutional review boards, and all participants signed written informed consent prior to participating in the research. Further details on each trial can be found at www.ctndatashare.org and www.ctndisseminationlibrary.org.
Study variables
Participants' retention in a trial was quantified using three measures as described in Wakim et al. 20 1. Availability of the primary outcome measure(s): The primary outcome measure was the dependent variable used in the initial primary analysis for each trial. It was extracted directly from a case report form used to record data or calculated from several case report form fields. In some studies, the primary outcome was a set of repeated measures, for example, drug use each week over 8 weeks. "Availability of the primary outcome measure(s)" was expressed as a percentage: the number of measures actually assessed (nonmissing) divided by the number of measures that were expected to be assessed, and multiplied by 100, from all participants, regardless of whether they dropped out of the treatment or were lost to follow-up. 2. Treatment exposure: This measure focused on the treatment that each participant (in the control or experimental arm) actually received, compared with the treatment each participant was intended to receive. If the treatment was medication (or placebo), it reflected the actual compliance of taking the medicine. For psychosocial treatments, it reflected attendance at treatment sessions (either the active psychosocial therapy sessions or whatever comparison sessions were in place for the trial 
Data analysis
For each trial, a statistical model at the participant level was fit for each of the three participation measures as the dependent variable. Generalized estimating equation models were used, which are recommended for the analysis of data comprising repeated discrete observations of an outcome and a set of covariates. 21 The authors started by including the three main factors (gender, race/ethnicity, and age group), all twoway interactions, and their three-way interaction. In cases where the dependent variable at the participant level was 0 or 1 (ie, session attended or not, pill taken or not), logistic regression models were fitted. In cases where the dependent variable at the participant level was a count (eg, number of submit your manuscript | www.dovepress.com Dovepress Dovepress pills taken), Poisson regression models were fitted. In most trials, there were repeated measures within participant. In such cases, repeated measures models were fitted, assuming an autoregressive correlation structure.
If the three-way interaction was not statistically significant at the 0.01 level, it was dropped from the model, which was fitted again with the main effects and all twoway interactions. Any two-way interaction that was not statistically significant at the 0.01 level was subsequently dropped from the model, which was fitted again. The final model included the three main effects, whether statistically significant or not, and the two-way and three-way interactions that were statistically significant.
When only one demographic subgroup was represented in a trial, the whole demographic grouping was excluded from the model for that trial. For example, in one trial (CTN0010-BUP Adolescents), the age group factor was excluded from the three statistical models because all participants were less than 25 years old. Similarly, race/ ethnicity was excluded from the statistical models for another trial (CTN0021-Spanish MET) because all participants were Hispanic, and gender was excluded from the models in some gender trials, for example, CTN0013-MET for pregnant women.
Each generalized estimating equation model produced least-squares means for each level of gender, race/ethnicity, and age group. For each of the three participation measures, the least-squares means were then combined across trials, after controlling for a trial effect (each trial with a 0-1 code), to produce the final estimates of participation for each of the gender, race/ethnicity, and age group.
Instead of calculating simple averages for each demographic group directly from the raw data, this modeling approach was used to account for any imbalances in representation. For example, the proportion of young participants among women may have been considerably higher by chance than that among men. If so, simple averages for each gender group may confound the gender and age group effects. So to separate the two effects, one needs to model participation with both factors in the model. The fact that many trials incorporated repeated measures also required some special modeling. Table 1 summarizes the clinical trials analyzed and shows that the sample sizes in the 24 trials ranged from 113 to 1281. The participant demographic characteristics are shown in Table 2 . Demographics show that 41% of individuals were female. Eight participants with missing gender information were excluded from this analysis.
Results
Selected characteristics of clinical trials
As shown in Table 2 , 53% of participants were nonHispanic white, 21% were non-Hispanic African American, and 17% were Hispanic. The exhaustive, mutually exclusive categorization was based on participants' answers to one question on race and one on ethnicity. Because the number of participants was low for the categories "Non-Hispanic American Indian/Alaska native," "Non-Hispanic Asian," "Non-Hispanic Pacific Islander," "Non-Hispanic other," and "Missing/Choose not to answer," these were excluded from the analysis.
In terms of age group composition, the majority of individuals were between 25 and 54 years old (75%), with an average age of 36 years. Categories "65 to ,75," "75+" and "Missing" were excluded from the analysis because of their low count. Also excluded was the category ",18" because 98% of participants (n = 711) from this age group came from only two studies (CTN0014-BSFT and CTN0028-ADHD Adolescents) that focused on adolescents. Including this category would have confounded the effects of the age group with those two studies. For example, if the group of participants ,18 years old reflected low retention rates, it could not be known whether this was the effect of the age category or perhaps the high participant burden in those two studies.
Results of retention-related measures
As a result of excluding the above demographic categories, 11,122 of the 11,449 participants were included in the final analyses.
None of the individual trial statistical models comprised two-way or three-way interactions that were statistically significant at the 0.01 level and, therefore, all final models included only the three main effects, with a few exceptions for trials where one of the main effects (demographic group) was also excluded for reasons previously stated. Three tables (one for each retention measure) showing the results of the individual trial analyses, are provided as Appendices 1, 2, and 3.
Differences in participation between gender, race/ ethnicity, and age groups after combining results across trials are shown in Table 3 and Figures 1-3 , respectively. Table 3 provides the values of the point estimates plotted in the three figures, as well as the values of the three measures for all demographic groups and all trials combined (bottom row). Figures 1-3 also show 95% confidence intervals around the point estimates.
P-values resulting from the comparison between the demographic groups are also provided. Figure 1 shows that gender differences were not statistically significant on any of the three participation measures (P values $0.25). The point estimates ranged between 71% and 77%. Figure 2 shows that race/ethnicity differences were also not statistically significant on any of the three participation measures (P values $0.18). The point estimates ranged between 69% and 75%. In contrast, Figure 3 shows that age group differences were statistically significant (P values #0.003); in fact, it shows that participation increases with age. Point estimates were around 67% for the youngest participants and around 78% for the oldest participants.
The three participation measures are correlated. For example, participants who attended the follow-up visits are more likely to have come for their psychosocial therapy and to have completed the primary outcome assessments.
Discussion
This paper discusses the relationships between demographic characteristics and ongoing research participation rates of treatment seeking individuals in 24 clinical trials completed in the CTN. Three separate measures of ongoing study participation and retention (availability of primary outcome, treatment exposure, and attendance to follow-up visits) were examined. For each trial, results pertaining to these three retention measures were presented in Wakim et al. 20 In the overall sample, fairly high participation rates were found, with participation ranging from approximately 70% to 80%. Statistically significant differences were not found among gender or racial/ethnic groups, but differences were found among age groups. These findings have important and broad implications for research design and planning because three separate indicators of study participation and retention were examined, across a large sample in 24 multisite clinical trials, rather than only a single indicator in one or two small trials.
Since its inception, the CTN has implemented several strategies to enhance participant recruitment and retention. These include:
• Site selection: Study teams examine the demographic characteristics of the population served by the CTPs to ensure that women and racial/ethnic minorities are represented adequately.
• Training: Staff are trained at the beginning of each study and participate in weekly conference calls to discuss progress and identify areas for improvement. In addition, NIDA sponsors national trainings and regular web-based training on recruitment and retention issues to improve skills that promote specific successful strategies. These training sessions also provide a forum to exchange lessons learned. a "Overall" is calculated directly from the raw data (no statistical modeling). It includes all demographic categories, not just the ones listed above, and all 24 trials, not just the ones that were included in the demographic-specific calculations. For example, as noted in the paper, CTN0013 did not contribute to the gender-specific analysis because all participants were female. But "Overall" does include CTN0013. Abbreviations: APOM, availability of primary outcome measure; TE, treatment exposure; FU, follow-up visits. 
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• Monitoring: Study leaders have access to these data on a daily basis. They closely monitor recruitment and retention rates as the trial is implemented as well as conduct weekly calls with staff at each participating site to discuss problems and recommend solutions. These strategies seem to be working well, since the CTN clinical trials examined here have been able to recruit and retain a diverse group of individuals.
Recruitment
The recruitment of women, adolescents, and racial/ethnic minorities depends largely on the particular population that attends the clinic as well as the clinic's specialty (eg, programs targeted to women or adolescents). The CTN recruitment rates (41% female, 53% non-Hispanic white, 21% non-Hispanic African American, and 17% Hispanic) mirror national figures on substance use disorder treatment reported by the Substance Abuse and Mental Health Services Administration, 22, 23 suggesting that, at least for these demographic groups, the CTN trials have recruited a sample that is representative of the treatment-seeking US population and that CTN findings could be generalizable.
However, the CTN appears to be less successful in recruiting a representative number of American Indian/Alaska Natives (1.1%) or Asian Americans (0.4%) into the trials, with numbers that are lower than the Substance Abuse and Mental Health Services Administration's estimate. 22, 23 Of those persons admitted into treatment, 2.3% are American Indian/ Alaska Natives and 1% are Asian Americans. Research is needed to uncover the reasons for these low enrollment rates in the CTN; however, the authors speculate that one reason could be that few CTPs in the CTN actually serve these groups, due to demographic, geographic, or other factors. The CTN is exploring the possibility of including additional specific treatment programs that serve these populations.
Retention-related measures
As described by Wakim et al, 20 the retention measures in CTN trials ranged from 45% to 100%, with an average of 73% across all studies (Table 3 ). This range of participation could reflect a combination of variables, such as type of treatment, protocol characteristics or design, treatment program characteristics, and participant characteristics. This range also reflects those reported previously for substance use disorders research (38% reported by Heinzerling et al 
Gender
Analysis of the overall CTN data did not indicate significant differences in trial retention across gender, confirming the 4 who conducted a review of the literature and concluded that gender is not a significant factor in treatment retention.
Race/Ethnicity
A statistically significant difference was observed for some of the retention indicators in some of the trials, showing that non-Hispanic whites and Hispanics remain in certain studies longer than non-Hispanic African Americans (see . This finding is congruent with the published literature. However, when all 24 trials were combined, significant differences were not found among racial/ethnic groups, suggesting that the directionality of the differences was not consistent enough to yield statistically significant findings overall. Potential reasons for this observation include: (1) the analysis encompassed a wide range of intervention types (psychosocial, medication, combined treatment) and target drugs used (opiates, stimulants, poly-drug use disorders); and (2) the analysis reflected studies conducted across a broad range of programs and treatment settings with highly variable characteristics (eg, treatment modality philosophy, size and staff characteristics, client case mix, geographic area).
Age groups
The ages of the participants enrolled were also examined; statistically significant differences between older and younger populations across the overall sample were found, showing that retention was higher for older participants. These differences were not observed in every trial, however. This is consistent with reports by Magruder et al, 13 who analyzed a subset of these trials and found that younger participants were least likely to be retained. This is also consistent with Warden et al, 26 who analyzed data from a large depression study and found that, regardless of income, younger enrollees had a greater likelihood of attrition. Warden et al speculate that there could be a relationship between older age and a perceived need for treatment, better judgments in life, or a more prolonged history of illness.
The wide range of factors in these analyses, including study characteristics (eg, type and length of study), treatment program characteristics (eg, methadone programs, women only), and primary drug of abuse (eg, opiates, stimulants, alcohol), makes it difficult to speculate as to why older participants have a higher retention rate. Nevertheless, older participants may have stronger motivations to enter and complete treatment, since they may have moved through the stages of change and have experienced too many negative consequences related to their addiction, consistent with Fiorentine and Hillhouse's 27 model of recovery. Additionally, some longitudinal studies in alcohol have shown a decline in consumption over time. 28 In clinical settings, providers may associate older age with better treatment outcomes. One study physician noted that this might be because it becomes harder to live the life of an addict as one gets older. 29 Also, older addicts do not seem to experience the same pleasurable effects of the drugs as they did at a younger age, perhaps due to drug tolerance or other physiological factors. Furthermore, the devastating effects of drug use and abuse on people's lives accumulate over time.
Limitations
This is an observational analysis. Other factors not considered may affect clinical trial participation or may be confounded with demographics. For example, different racial/ethnic groups may have different preferences for a primary drug of abuse or different patterns of drug use. By controlling for a trial effect in the model used here, to some extent the primary drug of abuse was controlled for, but only for trials focused on one specific drug of abuse. However, if a trial includes participants reporting a wide range of primary drugs of abuse, and if certain age or racial/ethnic groups tend to use certain drugs, then the effects of age or race/ethnicity and primary drug of abuse are confounded.
Variations across trials in the specific definition of the retention indicators utilized in this paper (ie, availability of primary outcome measure[s], treatment exposure, and attendance at follow-up visit[s]) may also contribute to potential confounding. In addition, unmeasured factors such as the quality of treatment in each trial may have affected retention. However, trial differences were captured and controlled for, to some extent, in the statistical model that combined the least-squares means.
Conclusion
The significant attention that CTN investigators have focused on recruitment and retention efforts appears to have paid off in better demographic representativeness of study samples of whites, African Americans, and Hispanics. However, the authors' analyses strongly suggest that future investigators in addiction treatment clinical trials increase their efforts to recruit and retain certain specific populations: (1) American Indian/Alaska Natives and Asian American populations, since they seem to underparticipate in clinical trial research; (2) younger individuals, since they are the population with the lowest retention rates; and (3) non-Hispanic African Americans, since their retention rates may be lower than other submit your manuscript | www.dovepress.com Dovepress Dovepress racial/ethnic groups. Strategies for increased recruitment and retention may include greater care to address sociocultural differences relating to both drug use and medical research, as well as multipronged strategies to track and retain participants. Another strategy to strengthen participation of minority subgroups in addiction (and other biomedical) research may be to increase the representation of minority investigators in the biomedical research workforce. Recent studies have highlighted such underrepresentation. 30, 31 To summarize, the participation and ongoing retention rates of 70%-80% did not differ by race/ethnicity or gender. However, participation and retention rates increased significantly with age. These results highlight the need to investigate the reason(s) why younger adult rates of participation are lower. Lastly, the results of any study should be interpreted with caution when the recruitment and retention rates of eligible participants are low. 
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